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"A semicondicior inctragratod circoit”

The present invention relates to a t=chnigue
which 1is effective when applied to semiconductor
integrated circuits, for example, a logic semi-
conductor integrated circuit whose input &anc output
levels are TTL levels and whose internal logic levels
are CMOS levels.

Figure 1 of the accompanying drawings 1s
a block diagram of a known form of logic semiconductor
integrated circuit IC having TTL levels as its input
and output levels and CMOS levels as its internal
logic levels.

The integrated circuit IC includes an input
buffer 10 for level-converting input signals of
TTL levels INl’ IN2, ..... INn into signals of CMOS
levels, an internal logic block 11 for executing
logic operations with the CMOS levels, and an output
buffer 12 for level-converting the CMOS level output
signals of the internal logic block 11 into output

signals of TTL levels OUT OUT2,'.... OUTm. The

ll

respective circuits 10, 11 and 12 are fed with a

supply voltage VCC of 5 volts, and are properly

earthed.

A high level input voltage Vi to be supplied

H10

to the input terminals IN., IN2, . INn of the input

buffei 10 is set at 2.0 volts or above, while a low level
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input voltage Vi is set at 0.8 volt or below. Accord-

L10

ingly, an input threshold voltage Vi concerning the

thl0
input terminals INl' IN2, ..... INn of the input buifer 10
is set at 1.3 - 1.5 volt which is between 0.8 volt and
2.0 volts.

On the other hand, a high level output voltage Vou1o0
to be derived from the output of the input buffer 10 is

set to be equal to the high level input voltags ViHll of

the internal logic block 11, while a low level output

voltage V to be derived from the output of the input

oLl1l0

buffer 10 is set to be equal to the low level input vol-

tage Vi of the internal logic block 11. Accordingly,

L1l

letting VTP and VTN dendte the threshold voltages of a

P-channel MOS FET and an N-channel MOS FET which consti-
tute a CMOS inverter in the internal logic block 11,

respectively, and V denote the supply voltage, the

ccC

above voltages V and V., are respec-

oH10’ ViH11’ VoL10 iL1l
tively set as follows:
Vouio = Vinil ~ Vec —\VTP‘ S e (1)
Vor10 = Vizi1 < Vew e (2)
When VCC is set at 5 volts,‘VTplat 0.6 volt and VTN
at 0.6 volt, véHlO and ViHll are set at above 4.4 volts,
and VoLlO and ViLll at below 0.6 volt.

Accordingly, the input logic threshold voltage Vithll
of the CMOS inverter in the internal logic block 11 is set

at approximately 2.5 volts which is between 0.6 volt
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- voltage V

(Y]

znd 4.4 volts.

Likewise, the high level output voltage VoF11 of

the internel logic block 11 end the high level ihput

voltage Vi of the output buffer 12 are set at above

H12

4.4 volts, the low level output voltage VOL11 of the

internal logic block 11 and the low level input voltage

ViL12 of the output buffer 12 are set at below 0.6 volt,

and the input logic threshold voltzage Vith12 of the

output buffer 12 is set at approximately 2.5 volts which
is between 0.6 volt and 4.4 volts.

In order to generate the output signals of TTL
levels, the output buffer 12 has its high level output

OE12 set at 2.7 volts or above and its low level

output voltgge YQL12

Fig. 2 of the accompanying Grawings is a circuit diagram

at 0.5 volt or below.

showing one known form of an input buffer 20 which
is constructed of- P-channel

MOS FETs M M N-channel MOS FETs M Mn M and

p1’ "p2’ ni’ 2’ 'n3
e resistor Rp. The gates, sources and dresins of the

MOS FETs zre respectively indicated by syméols g, s and d.

A first stage CMCS inverter composed of the FETs

Mp1 and M eand a2 second stzge CMCS inverter composed

ni’

of the FETs Mp2 and an zre connected in cascade. The

components Rp and Mn3 constitute z gate protection circuit

for protecting the gate insuleting films of tne FETs
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Mpl and Mnl' An output capacitance CS conniected

to the drains of the FETs Mp2

stage CMOS inverter has, in practice, 1ts value

and an of the s=zcond

determined by the drain capacitances of the FETs

Mp2 and an,

the output of the input buffer 10 and the input

the wiring stray capacitance between

of the internal logic block 11, and the input
capacitance of the internal logic block 11.
The ratios W/L between the channel widths
W and channel lengths L of the MOS FETs Mpl’ Mp2’
Moy M, and M 5 are respectively set at 27/3.5,
42/3, 126/3.5, 42/3 and 15/3. The resistor RD is
set at a resistance of 2 kiloohms.
Fig. 3 of the accompanying drawings is a
graph illustrating the dependencies of the propogation

delay times t t of the input buffer 10 of

pLE’ “pLH

Fig. 2 upon the output capacitances Cs. In the
graph, the ordinate represents the propagation delay
times while the abscissa represents the output
capacitance CS.

As illustrated in Fig. 35 of the accompanying
drawings, the first propagation delay time tpHL
is defined as a period of time which is required
since an input INPUT has changed with its 50% value
as the boundary, until an output OUTPUT changing
from a high level to a low level changes with 1its
50% value as the boundary. The second propagation

delay time t is defined as a period of time which

pLH
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is requirecé since the input INPUT has changed with :‘9
its 50% value as the boundary, until the output
OUTPUT changing from the low level to the high level
changes with its 50% value as the boundary. 1In
Fig. 35, tf is defined as a fall time, and t as
a rise time.

Thus, as will be understood from Fig. 3 of the
accompanying drawings, the output capacitance-dependency
K (= at_ /ACS) of the first propagation delay time

HL pHL

tpHL of the input buffer 10 in Fig. 2 is about 0.8

nsec/pF, and the output capacitance-dependency KLH
(=AtpLH/ACS) of the second propagation delay time

tpLH is about 1.4 nsec/pF. Both are great.

In the input thresho}d voltage Vithlo at

approximately 1.3 - 1.5 volt, the ratios W/L between
the channel widths and channel lengths of the FETs
Mp1 and M_; of the first stage CMOS inverter are
made greatly different, and in order to lessen the

output capacitance-dependencies KHL and KLH of the

respective propagation delay times tpHL and tpLH'

both the ratios W/L of the FETs Mp2 and an of the

second stage CMOS inverter are set at the large
value of 42/3 so as to increase the channel conductances
2

To the end of reducing both the output capacitance-

of these fETs M and M
p2 n

dependencies K and KL the ratios W/L of the

HL H'
FETs Mpz and an of the second stage CMOS inverter may

be increased more and more. This, however, incurs
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conspicuous increase in the occupation area of the
input buffer 10 on the surface of an integrated circuit
chip for the following reason, to form an obstacle to
enhancement in the density of integration.

In the production technology of integrated circuits
fining is being vigorously promoted at present. With
the present-day photolithography based on exposure to
ultraviolet radiation, however, the channel length L
of a MOS FET is 3 pum as its lower limit value. In order
to set the ratio W/L of the MOS FET at a very large
value, therefore, the channel width W thereof must be
set at an extraordinary large value. Eventually, the
device area of the MOS FET increases conspicuously.

Fig. 4 of the accompanying drawings is a circuit
diagram showing one output buffer-12 which we have
investigated and which is constructed of a P-channel
MOS FET M and an N-channel MOS FET Mn

p4 4

sources and drains of the MOS FETs are respectively

The gates,

indicated by symbols g, s and 4.
In the integrated circuit IC, the output signal of
CMOS level from the internal logic block 11 is applied

to the gates of the FETs M and Mn of the output

pé
buffer 12. Terminal No. 30 is fed with the supply

4

voltage VCC of 5 volts. 1In order to set the

input logic threshold voltage Vi of the output

thl?2

buffer 12 at approximately 2.5 volts, accordingly,
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the retios W/L of the FETs Mp4 end Mn4 ere set et vazlues
equel to eech other.

Figure 4 slso shows a TTL circuit 14, which is
fed with the supply voltage VCC of 5 volts through terminal
No. 35. The output signel of TTL level ffom the output
buffer 12 1is derived froﬁ terminel No. 20, and is supplied
to one emitter ofithe multi-emitter trensistor Qﬁ of
the TTL circuit 14 through terminal No. 32.

¥eanwhile, a standard TTL circuit, e Schottky TTL

circuit, e low power Schottky TTL circuit and an advanced

" low power Schottky TTL circuit have been published as

TTL, circuits. Nesturelly, tne characteristics of these
circuits esre somewhzt different from one znother.

The output of the output buffer 12 needs to drive
a lsrge number of inputs of the TTL circuit 14 2t the
seme time and in parellel. A criterion for the drive
ability is to be capable of driving 20 inputs of the-
low power Schottky TTL circuit in parallel.

wnen the output of the output buffer 12 is at its
low level, a low level input current IIL éf 0.4 mg flows
from one input of the low power Schottky TTL circuit
into the drsin-source path of the N-chennel MOS FET Mn4
of the output buffer 12. Accordingly, the FET Mn4 needs
to pass a totel of 8 mA in order thsat the output buffer

12 may drive the aforementioned 20 inputs to the low level.
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“and M
n

On the other hand, the low level output voltage

v of the output buffer 12 must be 0.5 volt or below

oL12
es elready explained. Therefore, the Ok-resistance

R of the N-chennel MOS FET Mn4 of the output buffer

ON
12 must be set at & small vealue of 0.5 volt/8 milliempere
= 62.5 ohms or so.

In order to maké the ON-resistance RON of the FET

M such low resistence, the ratio W/L of the FET Mn4

n4
must be set at a very large value of 700/3 to 1000/3.

Meanwhile, s steted sbove, both the ratios W/L of tne

" FETs M4 2nd M, need to be the egual values to the

end of setting the input logic threshold voltage Vith12
of the output buffer 12 at epproximately 2.5 volts. Therefore,
elso the ratio W/L of the P-chennel MOS FET Mp4 of the
output buffer 12 must be set at the very large vzlue
of 700/3 to 1000/3.

This fact similerly brings about a substantial increase
in the occupation aree of the output buffer 12 on the
surface of the integrated circuit chip, to»hamper enhencement
in the density of integration. Moreover,‘it incurs
drasticvlowering in the switching speed of the internal
logic block 11 for the folloﬁing reason.

Vnen both the ratiocs W/L of the two MOS FETs Mp4
of the output buffer 12 ere set at the large

4

values, the gete czpacitances of these MOS FETs become
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delay time tD

large values proportionally. Since the gate capacitances

of the FETs M and M
p4 n4

citance of the internal logic block 11, these gate

constitute the output load capa-

capacitances and the output resistance of the internal
logic block 11 incur tbe lowering of the switching
speed of the internal logic block 11.

Meanwhile, since the output of the output buffer 12
is not only derived from the external output terminal
(terminal No. 20) of the integrated circuit IC, but also
connected to the large number of input terminals of the
TTL circuit 14 through external wiring, the output load
capacitance CX of the output buffer 12 often becomes a
very large value. |

Fig. 5 of the accompanyihg drawings is a graph
illustrating the dependencie§ of the propagation delay

times t upon the output load capacitance CX of

pHL' tpHL

the output buffer 12 in Fig. 4. The ordinate represents
the propagation delay times, while the abscissa repre-
sents the output load capacitance.

Thus, as understood from Figure 5, the capacitance-

dependency KHL (=AﬁtpHLAACX) of the first propagation

HL of the output buffer 12 in Figure 4

is about 0.3 nsec/pF, and the capacitance-dependency

KLH(=A»t AACX) of the second propagation delay time

pLH

tpLH 1s about 0.17 nsec/pF. Both are great.

4
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Accordingly, the input buffer 10 of Figure 2 forming
the background art of the present invention involves
problems as summed up below.

(a) In order to lessen the output capecitance-dependencies
of the propagation delay times of the input buffer 10,

ﬁhe ratios W/L of both thé MOS FETs Mp2 eand M, of the
second stage CMOS inverter of the input buffer 10 must

be made lerge, which hampers enhencement in the density

of integration. Particularly in a2 case where the integrated

circuit IC is of the mester slice type or the semi-custom

-+ gate array type, there is the possibility that =z very

lerge number of gate input terminals in the internel
logié block 11 will be connected to the output of the
input buffer jO. Wnen the output cspacitance Cs of

the input buffer 10 accordingly becomes very great, the
above problem is very serious.

(b) Fu{ther, the first stege of the input buffer 10

p1’ Yoo

even when the gate protection circuit composed of the

is formed of the CMOS inverter M Therefore,

elements Rp and Mn3 is connected, the brezkdown strengths

of the gete insulsting films of both the MOS FETs Mp1’ Mn1

egainst & surge voltage applied to the input terminsal

‘iN1 ere not setisfactory.

“In eddition, the output buffer 12 of Figure 4 forming

the beckground art of the present invention involves
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problems &s summed up below.
(c) In order to set the input logic thresnold voltage

V' of the output buffer 12 at spproximstely 2.5 voits

ithi12
end to enhence the current sink &bility at the low level
output of the output buffer 12, the ratios W/L of bcth

the MOS FETs M and ¥4 must be set at lsrge velues

p4
eguel to eaéh other, which hempers enhancement in the
density of integration. |

(d) When the ratios W/L of both the MOS FETs Mp4 end
M of the output buffer 12 are made large, 2lso the

né4

gate capescitances of these MOS FETs increase. 1In conseqhence,
these gete capacitancés‘and_the output resistence of

the internel logic block 11 incur lowering in the switching
speed of the internal logic block 11. Particularly

in & case where the output stage of the internel logic
block 11 is composed of MOS FETs of high output resistence,
the loHering of the switching speed is conspicuously -
problematic.

(e) Since the output buffer 12 is composed of the MOS
the dependencies of the-propegation

FETs M and M

pé n4’
deley times upon the output loed capacitance Cx are
greet. Particulerly in = case where g large number
of input terminels of the TTL circuit 14 =zre connected

to the output of the output buffer 12, this problem

becomes importent.
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According to the present invention there is
provided a semiconductor integrated circuit including:

(a) an internal logic block including a
plurality of quasi-CMOS circuits, the input stage of
each of said quasi-CMOS circuits including P-channel and
N-channel MOSFETs, and the output stage of each of said
quasi-CMOS circuits including bipolar tfansistors; said
internal logic block performing logic operations on
input signals and generating output signals based upon
the logic operations; and

(b) an output level converter having an input
terminal coupled to receive at least one of said output
signals of said internal logicAblock, in order to
thereby provide an 6ﬁtputvsigﬁa1 of predetermined
levels different than that of CMOS levels at an output
terminal of said output level. converter;

wherein an output transistor of said output
level converter for executing charge or discharge of an
output load capacitance of said output level converter
is formed as a first bipolar output transistor; and

wherein said output level converter further
comprises a high input impedance circuit which is
connected between a base of said first bipolar output
transistor and said input terminal of said output level

converter.
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The semiconductor integrated circuit may
further include:

(c) a driver transistor which drives said
first bipolar output transistor for executing the
discharge of the output load capacitance; and

(d) a second bipolar output transistor for
executing the charge of said output load capacitance,
in response to the input signal of said input terminal
of said output level converter.

The high input impedance circuit may be
constructed of MOSFETs, and may logically process
a plurality of output signals of said internal logic
block.

The semiconductor integrated circuit may
further incluae:

(e) a control circuit which turns "off"
the discharging first bipolar output transistor and
the charging\second bipolar output transistor of
said output level converter simultaneously in response
to a control signal, in order to thereby bring said
output terminal of said output level converter into

a float state.
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The present invention will now be described in
greater detail by way of examples with reference to the
remaining figures of the accompanying drawings, wherein:-

Fig. 6 shows a block diagram of a preferred
form of a logic semiconductor integrated circuit;

Figs. 8 and 10 respectively show circuit
examples within the scope of the invention of a
CMOS-NAND gate 211 and a CMOS-NOR gate 21¢ in the
circuit of Fig. 6;

Figs. 7 and 9 respectively show circuit
examples outside the scope of the invention of a
CMOS-NAND gate 211 and a CMOS:NOR gate 21¢ in the
circuit of Fig. 6; it being appreciated that these
examples are outside the scope of the present invention
because they show only pure CMOS circuit, whereas
those examples shown in Figs. 8 and 10 as well as the
following examples show quasi CMOS circuits;

Figs. 11 and 12 show circuit examples of
CMOS R-S flip-flops within an internal logic block 21
in the circuit of Fig. 6;

Fig. 13 shows a circuit example of a CMOS
gated R-S flip-flop within the internal logic block 21
in the circuit of Figure 6;

Figs. 14 to 31 show diagrams of various
preferred forms of circuits of the level converter
201 of an input buffer 20;

Figs. 32 to 34 and Fig. 36 show diagrams of
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various preferred forms of circuits of the level converter
221 of an output buffer 21;

Fig. 35 shows a diagram of input and output
waveforms for defining first and second propagation delay
times tpHL’ tpLH;

Fig. 37 shows the layout of various circuit
blocks on a semiconductor chip surface in a logic
semiconductor integrated circuit;

Fig. 38 shows a structural diagram illustrative
of the state of connection of a semiconductor chip to the
tab lead LT of a lead frame LF and connection of bonding
wires in a logic semiconductor integrated circuit;

Fig. 39 shows a diagram of the completion of
a circuit resin moulding; and

Fig. 40 shows a block diagram of an electronic
system constructed in such a way that a preferred form
of circuit according to the present invention and another
circuit are packaged on a printed circuit board.

The logic integrated circuit shown in Fig. 6
includes a TTL - CMOS level conversion input buffer 20
which executes an operation similar to that of the input
buffer 10 in Fig. 1, an internal logic block 21 which
operates with CMOS levels similarly to the internal logic
block 11 in Fig. l,zénd a CMOS - TTL level conversion
output buffer 22 which executes an operation similar to

that of the output buffer 12 in Fig. 1. The respective

circuits 20, 21 and 22 are fed with a supply voltage
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VCC of 5 volts through terminal No. 30, and are earthed
through terminal No. 31.

The input buffer 20 has a plurality of
TTL - CMOS level converters 201, 202, ..... 20n, the
respective inputs of which are connected to terminal
No. 1, terminal No. 2, ..... terminal No. 19 and the
respective outputs of which are connected with the
internal logic block 21 by aluminium wiring layers
inside the circuit IC.

The internal logic block 21 includes CMOS +*NAND
gates 211, 212, 213, 214, CMOS+NOR gates 21 (£ - 1),
21¢, and if necessary, CMOS exclusive OR gates, CMOS
transmission gates, CMOS inverters.

As shown in the example of Fig. 7, which as
noted above is outside the scope of the present invention
because it relates to a pure CMOS circuit, the CMOS-+<NAND
gate 211 includes P-channel MOS FETs M

M. and

1’ 72

N-channel MOS FETs M M4. Another example of the

37
CMOS+NAND gate 211 within the scope of the invention

can be constructed of a quasi-CMOS circuit which further
includes N-P-N transistors Ql’ Q2 and resistors Rl' R2
as shown in Fig. 8. Since such quasi-CMOS circuit has
its output stage composed of the bipolar transistors

Ql’ Q2' the output drive ability is enhanced, and the

output load capacitance-dependency of the propagation

delay time can be lessened.
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As shown in the example of Fig. 9, which as
noted above is outside the scope of the present
invention because it relates to a pure CMOS circuit,
the CMOS+NOR gate 21¢ includes P-channel MOS FETs My,

M M4. Another example of

2 and N-channel MOS FETs M3,
the CMOS*NOR gate 21¢ within the scope of the
invention can be constructed of a quasi-CMOS circuit
which further includes N-P-N transistors Ql’ Q2 and
resistors Rl' R2 as shown in Fig. 10. Since such
quasi-CMOS circuit has its output stage composed of
the bipolar transistors Ql' Q2, the output drive
ability is enhanced, and the output load capacitance-
dependency of thé propagation delay time can be
lessened.

In the internal logic block 21, these
CMOS*NAND gates and CMOS+NOR gates are connected
in various forms in accordance with the master slice
type or the semi-custom gate array type.

For example, an R-S flip-flop is con-
structed by combining two of the CMOS+«NAND gates

as shown in Fig. 11
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or by combining two of the CMOS-NOL gates &as shown in
Figure 12. Further, 2 gated R-S flip-flop which 1is
controlled by a clock signal C is constructed by comdining
four of the CMOS-NOR gates as shown in Figure 13.

In this manner, in the logic semiconductor integrated
circuit IC of the master slice type or the gate array
type confofming to the peeds of users, the outputs of
the level converters 201, 202, =~°°-- 20n of the input
buffer 20 end the inputs of the various gates or inverters

of the internal logic block 21 are connected in various

" forms by eltering only the wiring pattern thereof. Similerly,

the outputs of the verious gates or inverters of the
internal logic block.21 and the inputs of fhe level
converters 221, 222, **°**° 22m of the output buffer
22 are connected in various forms.

The output buffer 22 has the plurality of CMOS - TTL
level gonverters 221, 222, °**°°"° 22m, the respective’
outputs of which ere connected to termingl No. 20, terminsal
No. 21, =*°==-* términal No. 29.

| The essential features of the level converters
201, 202, """ 20n of the input buffer 20 ere es stated
below. 4
(a) The input threshold voltage vith of each of the
level converters 201, 202, <+---- 20n is set between

a TTL low level input voltage of 0.8 volt and a TTL
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(p) Ap output transistor which executes the charge or
discherge of the output capsacitance Cs of eacn of the
level converters 201, 202, ---++ 20n in response to
en input signal supplied to the input terminsl thereof,
is formed of a bipolar t;ansistor.

Further, meritorious features in preferéble aspects
of performance of the level converters 201, 202, <----
20n of the input buffer 20 ere as stated below.

(c) A Schottky barrier diode is connected between the

- base end collector of the bipolar output transistor

Q1 wnich executes the discharge of the output cepacitance

C. in the above item (b)

(d) p second Schottky bsrrier diode is connected between

the bzse and collector of & driver transistor Qthich

servés to drive the base of the bipolar output transistor

Q1 wit? its output in response to the input signal supplied
to the input terminal of each of the level converters

201, 202, +---- 20n. |

(e) The output transistor which executes %he cherge

of the output capacitance Cs of each of the level converters
201, 202, --++++ 20n is slso formed of a bipolar transistor G5+
(f) The base signal or collector signel of the driver |
transistor Q2 is transmitted to the base of the charging

bipolar output transistor Q3 through a MOS buffer which
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has & high input impedance and an amplifying function.

(g) A Schottky barrier diode D1 for .level shift is connected

between the input terminal of each of the level converters

201, 202, +++++ 20n and the base of the driver trensistor Qé'

(h) p P-N-P emitter follower trengistor ¢, and & P-N

junction diode for levelhéhift D, sare connected between

the input terminal of each of the level converters 201;

202, - 20n end the base of the driver transistor QZ'
Figures 14 to 31 show diagrams of various circuits

of the level converter 201 of the input buffer 20 according

. to embodiments of the present invention. All these

level converters hsve the essentiel features of the

above items (a) and (b). Further, these level converters
heve af lezst one of the meritorious features of the
ebove items (c) to (h).

In the level converter 201-of Figure 14, the input
terming.l'IN1 is connected to the cathode of tne Schottky
barrier diode for level shift D1, the anode of which
is connected to the base of the driver trznsistor QQ.
The kind of the barrier metal of this dioéé D1 end the
barrier area thereof ere determined so as to set the
forward voltage Vg thereof at 0.35 volt to 0.41 volt.
Tne forward volteges VF of the Schottky barrier diodes

q of the level converters in Figures 15 to 31 ere similerly

set at 0.35 volt to 0.41 volt.
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Further, in the arrangement of Figure 14, each
of the driver transistor Qb end the discharging output
transistor QH has a Schottky bazrrier diode D connected
between the base and collector thereof as indicated
by the hook-shaped base electrode symbol thereof. As
is well known, the clemped transistor provided with tne
Schottky barrier diode in this manner haé a very short
storage time. 1In the'ensping embodiments, transistors
heving hook-sheped base electfode symbols are such clamped
transistors. The base of the discharging output transistor

Q, is connected to earth through

e resistor of 5 kiloohms R1O’for discharging the base

chzrges thereof.
Besides, in the arrangement of Figure 14, 2 resistor

of 18 kiloohms R end 2 resistor of 2 kiloonms R12

11

zre connected in series between the supply voltzage vCC

and the enode of the Schottiky barrier diode D1. The.

junction between the resistors R and R is connected

11 12
to the gate of 2 P-channel MOS FET Mp10 which serves

es & phase inverter, and the drain of whicn is connected
to the base of the charging output trensistor Q3'

Further, a diode D is connected in order to reliebly

3
turn "off" the transistor Q3 when the level converter
201 produces its low level output. The output of the

level converter 201 at the emitter of the charging output
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transistor Q3 is connected to the output cspacitance
Cs’ and is also connected to one input of the CMNOS-NAKD
gete 211 of the internal logic block 21.

The emitter area of each of the bipolar transistors
Q1, Q2 and Q3 is set at 100 sz to 144 sz, and can
glso be set at & still smaller srea. Further, the ratio
W/L of each MOS FET is set at a value of 32/3 to 64/3.

We have been abléjtp demonstrate that the

embodiment of Figure 14 having the above arrangement
exhibits propagation deley times and the output cazpacitance-
dependencies thereof listed below:

0 pF) «e-++ 1.6 nsec

tpHL (for Cs

tpLH (for CS = 0 pF) seee 5.7 nsec
KHL ----- 0.4 nsec/pF
KLH seecee 0.4 nsec/pF

It can be appreciated that the eforementioned
propegation delay times tpHL’ tpLH and output capacitance-

dependencies K ere excellent as compesred with

HL’ “LE
the characteristics of the input buffer 10 in Figure 2.

Moreover, the level converter 201 in Figure 14
can ettain desired characteristics for reasons steted below.

y The forward voltege V_ of the Schottky bearrier diode

(a F

D1 is set at 0.35 to 0.41 volt, and the base-emitter

voltages V of the transistors GH’ Q2 ere approximztely

BE1’ 'BE2
0.75 volt. Therefore, the input threshold voltage Vith
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of the level converter 201 is set as follows:

-V, + V + V

Vitn F BE1 BE2

1.09 to 1.15 volt

(b) The output transistors Q1, Q3 for executing the

charge or discharge of the output cepacitence Cs of

the level converter 201 are formed of the bipolar trensistors
of low output resistances. Tnerefore, the switching
operation speeds can be raised or the propagation delay

times can be shortened, and the output capacitance-
dependencies of the propagation delsy times can be lessened.
(c) Tne Schottky barrier diode is connected between

the base and collector of each of the transistors Q1, Q2
which zre driven into their saturation regions. Therefore,

when both the transistors Q1, Q2 operzate to switch from

>"on" into "off", the storage times can be shortened.

(d) Wnen the potentizl of the node of the resistors

R;q and R,,

MOS FET Mp10

to flow from the node into the gzte of the MOS FET Mp10

rises to turn "off" the phase inverting

and the charging output transistor Q3, current

becomes very small because the input impedance of the

gete of the MOS FET Mp10

the embodiment ennances an operating speed for switching

is very high. Accordingly,

the charging output transistor Q3 from "off" into "on@
when compared with & case of forming the phase‘inverter

by the use of a bipolar transistor, not the MOS FET Mp10’
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The level converter 201 of Figure 15 differs from
that of Figure 14 only in that enother P-N junction
diode D4 is edded. Such addition of the diode D4 mekes
it possible to lower the low level output voltage of
the level converter still more.

Regarding the level converter 201 of Figure 15,

the propagation delay times and the output capecitance-

dependencies thereof have been confirmed as follows .

tpHL (for Cs

O pF) ++++* 1.89 nsec

tpLH (for C, = O pF) =*°°-" 6.37 nsec
Kot s 0.4 nsec/pF
KLH “ «ee.s 0.4 nsec/pF

Further, eléo the level converter 201 of Figure 15
cen attain desired chesracteristics for the same reasons
es in the case of Figure 14.

The level converter 201 of Figure 16 differs from
that of Figure 14 only in the collector connection of
the driver transistor QQ. The propagation deley times
2nd their output capacitance-dependencies of such level

converter in Figure 16 have been confirmed as follows:

tpHL (for Cé = O pF) =ce=-*- 1.81 nsec
tpLH (for Cs = O pF) *=-** 5.08 nsec
KHL ieees 0.4 nsec/pF

Kg  ctmeer 0.4 nsec/pF
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Also the level converter 201 of Figure 16 can ettain
desired characteristics for the same reasons es in the
case of Figure 14.

The level converter 201 of Figure 17 differs from
that of Figure 15 only ip that another N-P-N transistor
Qs‘is connected between the drein of the phase inverting

MOS FET M . . and the base of the charging output transistor

p10
Q3' The propagation delay times and their output capacitance-
dependencies of such level converter in Figure 17 have

been confirmed as follows:

tpHL (for Cs O pF) +---- 2.01 nsec

tpLH (for Cs = 0 pF) *~-°-" 7.30 nsec
KHL seee+ 0.4 nsec/pF
KLH ee+++ 0.4 nsec/pF

In the level converter 201 of Figure 18, the transistors
Q1, Q2 are clamped transistors with Schottky berrier (
diodes, and the base of the discharging output trensistor
Q, is connected to earth through
the resistor of 5 kiloohms R1O for dischafging base
cherges. In addition, a resistor of 20 kiloohms R13
for 1iﬁiting a collector current is connected to tne
collector of the transistor-Qz.

The resistor of 18 kiloohms R end the resistor of

11

2 kiloohms R are connected in series between the supply

12

voltzge V end the anode of the Schottky barrier diode D,.

CC
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The junction between the resistors R11 and R12 is connected
to the gate of =a P-chennel MOS FET Mb11 serving &s 8
charging output trensistor. 1In addition, tne ratio W/L

of this FET M is 64/3.

pi1
The propagation delay times and their output capacitance-
dependencies of such level converter 201 in Figure 18

heve been confirmed as follows:

tpEL (for C, = O pF) «+--+- 1.9 nsec
tpLH (for ¢, = O pF) «<--.- 2.9 nsec
Kar, ceess 0.4 nsec/pF
KLH eeees 1.3 nsec/pF

Further, the level convertef 201 in Figure 18 can
gttain desired cheracteristics for reasons stated below.
(a) Likewise to the case of Figure 14, the input threshold
voltage Vith of the level converter 201 can be set at
1.09 to 1.15 volt.

(b) The output transistor ¢, for executing the discharge
of the output capacitance Cs of the level converter

201 is formed of the bipolar transistor of low output
resistance. Therefore, the speed of a switching operstion
at theAdischarge of the output capacitance can be enhanced
or the propagation delay tiﬁes can be shortened, and

the output capacitance-dependencies of the propesgation
deley times can be lessened.

{(c) Likewise to the cese of Figure 14, the storage times
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of the trensistors Q1, Q2 can be shortened.
In the level converter 201 of Figure 19, the transistors
Q1, Q2 are the clemped transistors with the Schottky
parrier diodes, and the base of the discherging output
transistor Q1 is connect?d toA ‘earth
through the resistor of 5 kiloohms R10 for discharging
base charges. A load resistér'of 8 kiloonms R,s is
connected to the collector of the trensistor QQ, and

g resistor of 20 kiloohms R is incorporated between

14

the supply voltage VCC and the anode of the Schottky

bazrrier diode D1. The collector signal of the driver
traensistor & is epplied to the gate of an N-channel
MOS FET Mn12
In addition, the ratio W/L of this FET Mn12 is set at 64/3.

which serves as a charging output transistor.

The propagation deley times end their output capecitance-
dependencies of such level converter 201 in Figure 19

have bgen confirmed as follows:

tpHL (for Cs = 0 pF) '.°'f 1.1 nsec
tpLH (for Cg, = O pF) e---- 8.6 ?sec
” KHL | eseses 0.3 nsec/pF
= Kkg e 2.0 nsec/pF

Further, the level converter 201 of Figure 19 can
ettain desired cherecteristics for rezsons similar to
those in the casse of Figure 18.

In the level converter 201 of Figure 20, the transistors
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Q1, Q2 are similarly the clamped transistors, end the

base of the dischargipg output transistor Q1 is connected
to earth : . through the resistor of

5 kiloohms R1O for discherging base charges. £ loed

resistor of 10 kiloohms 316 is connected to the collector

of the transistor Q2, and the resistor of 20 kiloohms

R14 is connected between the supply'volfggeAVCC end

the anode of the Schottky barrier diode D1. The collector

_signal of the driver trensistor Q2 is epplied to the
| gate of an N-chennel MOS FET Mn13 serving as en amplifier

** transistor, the ratio W/L of the FET Mn13 is set at

22/3, and a load resistor of 20 kiloohms R17 is connected
to the drain of the FET Mn13' The drain signzl of the

FET Mn is applied to the gate of =& P-chennel MCS FET

13
Mp13 serving as an amplifier transistor, the ratio W/L
of the FET Mp13 is set at 64/3%, and a resistor of 10
kiloohms R18 which serves as a load resistor and also

es s resistor for discharging the bsse cherges of tne

charging bipolar output trensistor Q3 is connected to

the drain of th .
e drain e FET Mp13

The propagation delsy times and their output capacitance-
dependencies of such level converter 201 in Figure 20
heve been confirmed as follows:
tpHL (for C,
tpLH (for Cs

[
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KHL e+«-+ 0.4 nsec/pF
KLH ----- 0.4 nsec/pF
Further, the level converter 201 in Figure 20 cen
attein désired charecteristics for reasons ststed below.
(a) Likewise to the case of Figure 14, the input threshold
voltage Vith of the levelvcoﬁverter 201 can be set at
1.09 to 1.15 volt. '
(b) Likewise to the case of Figure 14, the speed of
e switching operation for the charge or discharge of

the output capacitance CS can be enhanced or the propagation

" deley times can be shortened, and the output capacitance-

dependencies of the propagation'delay times can be lessened.
(c). Likewise to the czse of Figure 14, the storage times

of the transistors Q1, QQ cen be shortened.

QQ rises to operate the charging output transistof Q3
so as to switch from "off" into "on", the smplifier
MOS FETs Mn13 and Mp13 amplify the change of the collector
potential of the transistor Q2 and transmit the amplified
signal to the bzse of the transistor Q3. .Moreover, since
theAgate input impedance of_the MOS FET Mn13 is very
high, s greast bsse current is inhibited from directly
flowing from the colléctor of the trensistor Qé into

the base of the transistor QB. Therefore, the switching

speed of the output transistor Q3 cen be enhanced.
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In the level converter 201 of Figure 21, Q1 end
Q2 indicate the clamped transistors, and D1 indicates
the Schottky barrier diode for level shift. The resistors

are respectively set st 5 kiloohms,

R end R

107 Fag 15
20 kiloohms and 8 kiloohms. The collector signal of
the driver transistor Qzuis applied to both the gates
of a P-channel MOS FET Mp14 end an N-channel MOS FET
Mn14 which constitute a CMOS inverter serving as a voltage
amplifier, end the dresin signal of both the MOS FETs

Mp14’ Mn14 is epplied to the gate of the P-channel MOS

-~ FET Mp11 which serves as the charging output transistor.

The ratios W/L of the FETs M514, Mn14 and Mp11 are respectlyely

" set at 24/3, 22/3 and 64/3.

The propagation delay times and their outpuf czpecitance-
dependencies of such level converter 201 in Figure 21

heve been confirmed as follows:

o tpHL (for C, = O pF) ecce- 2.02 nsec
tpLH (for‘CS = 0 pF) **--- 4.27 nsec
K, eeeee 0.42 nsec/pF
KLH ceeen 1.32;hsec/pF

Further, the level converter 201 in Figure 21 can

attain desired cheracteristics for the following reasons:

(a) Likewise to the case of Figure 14, the input threshold

volteage vith of the level converter 201 cen be set at

1.09 to 1.15 volt.
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(b) The output transistoer1 for executing the discharge
of the output capacitance Cs of the level converter 201
is formed of the bipolar transistor of low output resis-
tance. Therefore, the speed of a switching operation at
the discharge of the output capacitance can be enhanced,
oivthe propagation delay times can be shortened, and the
output capacitance—dependenéies of the propagation delay
times can be lessened.

(c) Likewise to the case of Figure‘14, the storage times

of the transistors Ql’ Q2 can be shortened.

In the level converter 201 of Figure 22, Q1 indicates

the clamped transistor as the discharging output transistor,

and the cathode of the level-shifting Schottky barrier

diode D1 is connected to the input terminal INl' A P-N

junctioﬁ diode D. for level shift is connected between the

5
anode of the diode Dl and the base of the transistor Ql’
resistors ng and R20 which are set at equal resistance

values of 10 kiloohms are connected in series between the

1

for discharging

cc and both the anodes of’the diodes D

5/ and a Schottky barrier diéde D6

base charges is connected between the input terminal IN1
and the base of the transistor Ql'
The junction between the resistors R19 and R20 is

connected to the gate of the P-channel MOS FET Mp11 serv-

ing as the charging output transistor, and the ratio W/L of
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the FET M

511 is set at 64/3.

The propagation delsy times and their output capacitance-

dependencies of such level converter in Figure 22 have

been confirmed as follows:

= 0O DF) oo e .A_
tpHL (for Cs 0 pF) 2.44 nsec
tpLH (for CS = 0 pF) <-°++ 5.41 nsec
Ko eseses 1.0 nsec/pF
K «esse 5.3 nsec/pF

LH
Further, the level converter 201 in Figure 22 can

attain desired characteristics for the following reesons:
(a) The forward voltage VF1
Di_is set a2t 0.35 to 0.41 volt, the forward voltage

of the Schottky barrier diode

VRSOf the P-N junction diode D5 is set at 0.75 volt,

end the base-emitter voltage VBE1 of the transistor

Q1 is 0.75 volt. Therefore, the input threshold voltege

Vitn

transi§tor Q1 is ;et es below:.

of the level converter 201 for turning "on" the

Vv -V + V + V

ith = F1 F5 BE1
1.09 to 1.15 volt

(b)>The output transistor 2 for executinézthe dischzrge
of the output capacitance Cs is formed of the bipoler
transistor of low output reéistance. Therefore, the
switching times or the propsgation deley times can be
shortened, a2nd the output cspacitance-dependencies of

the propagation delay times czn be lessened.
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Since the trensistor Q1 is the clamped trensistor,
its storage time can be ‘shortened.

In the level converter 201 of Figure 23, Q1 and

S

the Schottky barrier diocde for level shift. The resistors

indicate the clamped transistors, and D1 indicetes

end R are respectively set et 5 kiloohms,

Rior Byy 15
20 kiloohms and 8 kiloohms. The collector signel of
the driver tresnsistor Q2 is applied to both the gates
of the P-channel MOS FET Mp14 end N-channel MOS FET
Mn14 which constitute the CMOS inverter serving as the
voltage amplifier, and the drein output of both the

MOS FETs is applied to the gate of a switching P-chennel

-MOS FET Mp15' The ratios W/L of the FETs Mp14’ Mn14

end M are respectively set at 24/3, 32/3 a2nd 64/3.

p15
The drain output of the MOS FET Mb15 is epplied
to the base of the bipolar transistor Q3 which serves
as the;charging output transistor.

The propagation delay times and their output capacitance-

dependencies of such level converter in Figure 23 have

" been confirmed es follows:

tpHL (for C, = 0 pF) «--+- 5.07 nsec
tpLH;(for Cs = 0 pF) *--*+ 5.09 nsec )
Kt +---+ 0.4 nsec/pF
KLE . eeses 0.4 nsec/pF

Further, the level converﬁer 201 in Figure 23 can
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attein desired characteristics for the following reesones:

(a) Likewise to the case of Figure 14, the input threshold
voltage Vith of the level converter 201 can be set at

1.09 to 1.15 volt.

(b) Likewise to the case of Figure 14, the switching

times for the charge ahd discharge of the output capacitance
Cs or the propagation delay times can be shortened, and

the output capacitance-dependencies of the propagation

delay times can be lessened.

(c) Likewise to the case of Figure 14, the storage times

(3) When the collector potential of the driver trensistor

‘QQ rises to operate the charging output trsnsistor Q3

so gs to switch from "off" into "on", the CMOS inverter
Mp14’ Mn14 armplifies the change of the collector potential
of the transistor Q2 eand transmits the amplified signal

to the ibase of the transistor Q3. Moreover, since tﬂe

gate input impedances of the MCSFETs Mp14’ Mn14 are

~very high, & great base current isAinhibitedlfrom directly

flowing from the collector of the transistér Q2 into
the BaSé of the transistor Q3. Therefore, the switching
speed of the oufﬁut transistor Q3 can be enhanced.

The level converter 201 of Figure 24 differs from
that of Figure 23 only in that the resistor of 10 kiloonms

R18 for discherging the base charges of the chsasrging
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output transistor Q3 is connected between the base and
emitter of the transistor Q3' Regarding such level
converter 201 in Figure 24, the propagation delsy times
end their output capacitance-dependencies have been
confirmed as follows:

O pF) *°+-- 6.2 nsec

tpHL (for Cs

tpLH (for'cs = 0 pF) ecc-- 4.9 nsec
K1 «eess 0.4 nsec/pF
KLH s++++ 0.4 nsec/pF

Further, the level converter 201 in Figure 24 can
attain desired characteristics for reasons similer to
those in the case of Figure 23.
| The level converter 201 of Figure 25 differs from

thet of Figure 24 only in that the resistor R of the

10

 base charge dischaerging circuit of the discharging output

trensistor CH is repleced with an zctive pull-down circuit

197
0 and a clampred transistor

which is constructed of a resistor of 1.5 kiloohm R

e resistor of 3 kiloohms R2

Q6’ and that a Schottky barrier diode D7 for discharging

"the base chearges of the charging output trensistor Q3

is conﬁected between the base of the transistor Q3 and
the collector of the transistor QQ. Regarding such
arrangemenf of Figure 25, the propasgation delsy times
end their output capacitznce-dependencies have been

confirmed as follows:
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tpHL (for Cs O pF) *+*-* 6.6 nsec

tpLH (for Cs = 0 pF) +++-+ 5.3 nsec
KHL eeee+ 0.4 nsec/pF
KLH ee+++ 0.4 nsec/pF

Further, the level converter 201 in Figure 25 can
attsin desired characteristics for reasons similer to
those in the case of Fiéure 23.

The level converter 201 of Figure 26 differs from
that of Figure 24 only in that the discharging resistor

R is replaced with the same active pull-down circuit

10

" gs the active pull-down circuit R19, RZO’ Q6 in Figure 25.

.Regarding such arrangement of Figure 26, the propagation

delay times and their output capacitance-dependencies

have been confirmed as follows:

tpHL (for Cg, = O pF) . se*~" 8.62 nsec
tpLH (for Cs = O pF) *°+°-- 4.7 nsec

, KHL ----- 0.4 nsec/pF .
KLH et 0.4 ﬁsec/pF

Further, the level converter 201 in Figure 26 can

attain desired characteristics for regesons similar to

‘those in the case of Figure 23.

The level converter 201 shown in Fig. 27, includes:
bipolar transistors Ql’ Qé'and Q3 which are respectively
the discharging output transistor, driver transistor -

and charging output transistor, a Schottky barrier
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diode D1 for level shift; a P-N junction diode D8; «
resistors R14, R16' R21 and R22 hav1ng~va1ues of
resistance of 20 kiloohms, 8 kiloohms, 10 kiloohms
and 10 kiloohms respectiveiy; a P-channel MOS FET

Mpls; and an N-channel MOS FET M In this circuit

nlé-

both the ratios W/L of the two FETs M and Mn

pl6 16

are set at equal values of 32/3.
In the circuit shown in Fig. 27, the transistors
Mp16' Mnls' Qi and Q3 constitute an amplifier of
the guasi-CMOS inverter type of low output resistance.
The propagation delay times and their output
capacitance-dependencies of such level converter

201 in Fig. 27 have been confirmed as follows:

tpHL (for Cg = 0 pPF) ..... 5.48 nsec
tpLH (for Cg = 0 pF) ..... 5.23 nsec
Ky el 0.37 nsec/pF
KLH e e eee. 0.38 nsec/pF

Further, the levei converter 201 in Fig.
27 can attain desired characteristics for reasons
stated below.
(a) the forward voltage Vgl of the Sphéttky barrier

diode D1 is set at 0.35 to 0.41 volt, the base-emitter

voltage VBE2 of the transistor Q2 at 0.75 volt,

and the forward voltage V 8 of the P-N junction

F

diode D8 at 0.75 volt. Therefore, the input threshold

voltage Vith of the level converter 201 concerning

the on-off
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operation of the transistor Q2 is set as follows:

Vitn =~ Vp1 * VB * Vrs-

= 1.09 to 1.15 volt

(b) The output trznsistors P for executing the
charge or discharge of tye output capacitance Cs are
formed of the bipoler transistors of low'output resistances.
Therefore, the switching operation speeds cen-be enhanced
or the propagation delay times can be shortened, and
the output capacitance-dependencies of the propagation
deley times can be lessened.
(c).Since the transistors CH’ Qé are the clampeq.transistors,
their storage times can be shortened. -
(d) Since the change of the collector potential of the
driver transistor Q2 is amplified and then transmitted
to the output end by the quasi-CMCS inverter M?16’ Mg
QS’ Q1, the changing speed of an output waveform can

be enh%nced.

The level converter 201 of Figure 28 differs from

that of Figure 27 only in that the collector load of

the transistor Q2 is not formed of the resistor R16’ but
is formed of P-N junction diodes D9, Do and & resistor

of 5 kiloohms R The propégation delasy times and

23°
their output capacitance-dependencies of such level

converter in Figure 28 have been confirmed as follows:

tpHL (for ¢_ = O pF) ----- 6.66 nsec
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tpLH (for Cs = O pF) ++--- 4.16 nsec
Koo e+-+- 0.42 nsec/pF
KLH e+ 0.37 nsec/pF

Furtner, the level converter 201 in Figure 28 cen

gettain desired charascteristics for reasons similar to

those in the case of Figure 27.

The level converter 201 of Figure 29 differs from

that of Figure 23 6n1y in the point of connecting the

P-N junction diode D3

for reliably turning "off" the

transistor Q3 and in the point of connecting the Schottky

-

' barrier diode.D7 for discharging the base charges of

the transistor Qék Regarding such level converter 201

in Figure 29, the propagation delay times end their

output capacitance-dependencies hsve been confirmed

es follows: -

°°°° 1.72 nsec

AtpHL (for Cg = O pF)

, AtpLH (for Cs = O pF) +++++ 5.44 nsec
KHL ----- 0.32 nsec/pF
K g »++-+ 0.29 nsec/pF

Further, the level converter 201 in Figure 29 can

attain desired cheracteristics for rezsons similar to

those in the cese of Figure 23.

The level converter 201 of Figure 30 differs from

that of Figure 29 only in that the resistor R

is substituted by & resistor of 25 kiloonms R

14
24

in Figure 29

and
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a resistor of 5 kiloohms R and that the resistor

25’
Rig is substituted by a P-channel MOS FET Mp17 whose
ratio W/L 1is set at 24/3. Since the FET Mp17

as the active load element of the transistor QZ'

operates

the voltage gain of the amplifier QZ' Mp17 becomes a
very large value. Regarding such arrangement of
Fig. 30, the propagation delay times and their output

capacitance-dependencies have been confirmed as

follows:
tpHL (for c, = O_pF) ..... 2.2. nsec
tpLH (for C, = 0 PF).'f"' 5.2 nsec
Kop e 0.4 nsect/pF
KLH ..... 0.3 nsect/pF

Further, the level converter 201 in Fig. 30
can attain desired characteristics for reasons similar
to those in the case of Fig. 23.

The level converter 201 shown in Fig. 31,
includes: transistors Q1 and Q2 whiéh are clamped
transistors; a transistor Q3 which is the charging
output transistor; a transistor Q4 which is a P-N-P

emitter follower transistor; a diode D, which is

a Schottky barrier diode for level shi%t; a diode

D, which is a P-N junction diode for level shift;

a diode D3 which is a P-N junction diode for reliably
turning "off" the transistor Q3; a diode D8 which

is a Schottky barrier diode for clamping minus

noise at the input terminal; resistd;s Rigr Rys

and R26 which resistance values are respectively

‘set at 5 kiloohms,
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8 kiloohms and 20 kiloohms. The collector signel of
the driver trensistor Q2~is applied .to both the gates
of the P-channel MOSE FET Mp14 and N-channel MOS FET
Mn14 which constitute the CMOS inverter serving as the
voltage amplifier, and the drain output of which is
applied to the gate of the switching P-chennel MOS FET
M,5- The ratios W/L of the FETS M., Mo, end M 15
are respectively set at 24/3, 32/3 and 64/3. The drain
output of the MOS FET Mp15 is applied to the base of

the bipolar transistor Q3 serving as the charging output

transistor.

The propagetion delay times and their output capacitance-

dependéncies of such level converter 201 in Figure 31

have been confirmed es follows:

tpHL (for C_ = O pF) ----- 1.94 - 3.84 nsec
.tpLH (for G_ = O PF) *---- 4.64 - 5.44 nsec
v Kgp ' .eses+ 0.38 nsec/pF
Ky 0 ceee 0.30 nsec/pF

Further, the level converter 201 in Figure 31 can
ettain desired characteristics for reasonsfstated below.

(a) The forward voltege V_, of the Schottky barrier

1
diode D1 is 0.35 to 0.41 volt, the forwasrd voltage VFZ-

of the P-N junction diode D, is approximately 0.75 volt,

2

and the base-emitter voltsages VBE1’ VBEZ end VBE4 o

the respective transistors Cﬁ’ QZ end Q4 ere approximately

f
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0.75 volt. Therefore,“the input threshold voltage Vith
at which the transistors Ql’ 02 are turned "on" becomes
as follows:

Vith = 7 Veea * Vr2 * Vee2 * Var:

= 1.5 volt

(b) The output transist;rs_Ql, Q3 for executing the dis-
charge or charge of the output capacitance CS are formed
of the bipolar transistors of low output resistances.
Therefore, the speeds of switching operations can be
enhanced or the propagation delay times can be shortened,
and the output capacitance-dependencies of the propagation
delay times can be lessened.
(c) Since the transistors Ql' Qz»are the clamped tran-
sistors, their storage times can be shortened.
(d) When the collector potential of the driver transistor
Q2 rises to operate the charg;hg bipolar output transistor
Q3 to switch from "off" into "on", the CMOS inverter M014,
Mn14 amplifies the change of the colleqtor potential of
the transistor Q2Aand transmits the amplified signal to
the base of the transistor Q3. Moreover: the gate input
impedances of the MOS FETs Mp14' M 14 are very high and
inhibit the direct flow of a great base current from the
collector of ﬁhe transistor Q2 into the base of the tran-

sistor Q3, and a base current is supplied to the base of

the transistor Q3 through the low ON-resistance
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of the FET Bp15. .Therefore,'the switching speed of

the output transistor Q3 can be enhanced. Figure 3
shows with dot-snd-dash lines the output capecitance-
dependencies of the propagation delay times of thne level
converters illustrated in Figures 14, 19, 22 and 31.

It is understood that the output capacitance-dependency -
of either of the first and second propagation delay
times is improved.

There will now be explained tﬁe plurelity of CMOS - TTL
level converters 221, 222, +---+ 22m of the output buffer
22 in Figure 6. The essential festures of these level
converters 221, 222, --:-° 22m ere es stated below.
th of each of the

level converters 221, 222, °*°°°** 22m 1is set between

' .2 CMOS low level output voltage of 0.6 volt and high

level output voltage of 4.4 volts.
(b) An ,output transistor, which executes the discharge
of the output load capacitence Cx of each of the level

converters 221, 222, °*°*°*** 22m in response to an input

- signal suppliéd to the input terminel theréof, is formed

of 2 bipolar transistor.

Further, meritorious feétures in preferable aspects
of performanée of the level converters 221, 222, <+**-*-
22m of tne output buffer 22 are as‘stated below.

(c) A high input impedance circuit is connected between



10

15

20

25 |

-44-

the output of the internal logic block 21 end the bsse

of a driver transistor Q11 for driving the base of a
discharging output transistor Q1O'

(d) The high input impedance circuit in the above item (¢)
has the function of logically processing a plurality

of output signals from the internsl logic block 21.

(e) The discharging output transistor Q,, end the driver
transistor Q11 are formed of clamped transistors provided
with Schottky barrier diodes.

(f) An output transistor Q12 for charging the output

"load capacitance Cx is formed of a bipolar transistor.

(g) The level converter has the function of simultaneously
turning "off" the discharging outpuf transistor C,,

end the charging output transistor caé in response to

a control signsl, thereby to control the corresponding
output terminal, e. g., OU’I‘1 into a floating state.

(h) The'level converters 221, 222, °*-+-°* 22m are of

the opeﬁ collector output form.

Figures 32 to 34 snd Figure 36 Shqw various examples of
ircuits of the level comverter 2241 of the output buffer
22 accofding to embodiments of the present invention. All
these level canerters heve fhe essentiel features of the
sbove items (a) and (b). Further, these level convqrtefs
have at least one of the meritorious features of tﬁe

gbove items (c) to (h).
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The level converter 221 shown in Fig. 32,
includes; an output transistor Ql0 for discharging
the output load capacitance C,i a driver transistor

Q11 for driving the transistor Qg an output transistor

Q
12
and a current amplifying transistor Q13 for transmittig

for charging the output load capacitance Cx;

the collector signal change of the transistor Q11
to the base of the transistor le. Resistors R30
and R31

an active pull-down circuit for discharging the

together with the transistor Q14 constitute

base charges of the transistor QlO‘ The circuit
also includes a multi-emitter transistor le; a

collector resistor R of the transistor Qll; a

32
resistor R33 for discharging the base charges of

the transistor Q a Schottky barrier diode D

127 10
for discharging the base charges of the transistor

a resistor for limiting the collector

Qy5i R34
currents of the transistors le and Q13; and a base

resistor R of the transistor le.

Furiﬁer, the output of the CMOS NAND gate
211 of the internal logic block 21; this gate being
composed of P-channel MOS FETs Ml’ Mz‘and N-channel
MOS FETs M3, M4, is applied to the first emitter
of the multi-emitter transistor le; the output
of the CMOS.NAND gate 212 is applied to the second
emitter of the transistor le; and the output of
the CMOS+NAND gate 213 is applied to the third emitter
of the transistor Q)5- The level cgnvéfter 221

accordingly has, not only a level converting
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function, Sut also & logical processing function as
g 3-ipput NAND gate.

Moreover, the level converter 221 in Figure 32

cen gttain desired characteristics for reasons stated below.

~

(a) The base-emitter voltage VBE15 of the treansistor

Q15 is epproximestely 0.75 volt, the base-collector voltage

v of the transistor Q15 is gpproximately 0.55 volt,

BC15

and the base-emitter voltages V and V of the

BE10 BE11

respective trensistors QHO and QH1 are approximately
0475 volt. Therefore, the input threshold voltage

s¢p O the level converter 221 is set as follows:

BE15 * Vecis * Veei1 * VBE10

— 0.75 + 0.55 + 0.75 + 0.75

\' -V

ith =

]

(b) The output transistors Qo* Qp» wnich execute the
discherge or charge of the output locad czpacitance Cx

of the ,level converter 221, are formed of the bipolaf

transistors of low output resistences. Therefore, the

_ speeds of switching operations cen be enhanced or the

propegation delay times csn be shortened, and the output
capacitance-dependencies of the propagation delay times
can be lessened.

) 3 .
(c) Since the trensistors Qo Yqv QHB’ Q14 end Q15
ere the clamped trensistors, their storage times cen

be shortened.
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~(d) Since the multi-emitter transistor C15 hes the logicsl

processing function, the design versstility of the logic
semiconductor integrated circuit IC of the mester clice
type or the gete array type is enhanced.

In such level conve?ﬁer 221 of Figure 32, however,
when the output of the CMOS-NAND gate 211 is st its
low level, aléféél’curreﬁt_of 0.4 milliampere continues
to flow from the supply voltage VCC to the output end
of the CMOS-NAND gate 211 through the resistor R35 as

well ss the bese-emitter junction of the transistor

. Q15. Therefore, the ratios W/L of the N-channel MOS

FETs M3, M4 of the CMOS-NAND gate 211 must be set at
large values of 100/3 so as to lower ON-resistances

R This incurs lowering in the density of integrestion

ON®

of the integrated circuit IC. _Moreover, from ihvéstiga-

tions we have discovered- °~ ' that, since the gzte capaci-

tances, of both the MO0S FETs M3 and M4 incresase, the’

switching speed of the CMCS-NAND gate 211 1s reduced.

Figure 33 shows a circuit diagram of the level

~converter 221 which has been developed in order to solve

"the problems described ebove, and in whicn the multi-emitter

trensistor Q15 in Figure 32 is substituted by the high
input impedance circuit to be explsained below.
Referring to Figure 33, such high input impedance

circuit is constructed of P-N-P input transistors Q17, Q18’
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en N-P-N emitter follower transistor Q16’ Schottky barrier

diodes D D end resistors R36’ R37, R38'

112 712
Further, the level converter 221 includes a control
circuit which is constructed of & P-N-P transistorlceo,
&n N-P-N trensistor Q21, a P-N junction diode D14 and
a resistor R38' and which serves to control the output
terminal OUT1 into the floating stste.
The base of the P-N-P transistor QQO of this control
circuit is driven by the enable signal EN of the CMOS

inverter 21l in the internsl logic block 21, this inverter

" being composed of a P-channel MOS FET MS and an N-channel

MOS FET M. 'The input of such CMOS inverter 21f is
supplied with the inverted ensble sigﬁal EN.

Further, since this control circuit hss been adcded
to the level converter 221, a P-N-P input transistor
6%9 snd 2 Schottky barrier diode D13 are also added

to the pforementioned hign input impedance circuit.

Accordingly, when the ensble signel  EN becomes

. its low level, the transistors Qio* Y10 qjé'and GH3

.of the level converter 221 turn voffvw gt tﬁe same time,

falls into the floating

so thst the output terminal OUT1

state.
On the other hand, when the enable signal EN becomes
its high level, the level converter 221 similerly has

e logicel processing function ss & 2-input NAND gate,
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8o thst the design versetility of the integrated circuit
IC ieg enhenced.

Furtner, the forwerd volteges VF11’ VF12, VF13 of
the respective Schottky berrier diodes D11, D12, D13
ere 0.35 to 0.41 volt, the base-emitter voltsages VBE17’

\'/ v of the respective P-N-P input transistors

BE18’ 'BE19 _

Q17, Q18’ GH9 are approximately 0.75-volt, and the bese-
emitter voltages'VBE1o, VBEﬁ,'VBE16 of the respective
K-P-N transistors CHO’ Ga1, QHs'are approximstely 0.75

volt. Therefore, the input threshold voltage Vith at

'which the transistors Q1O end QH1 turn "on" in relation to,

e.é,,'théoutput voltage of the CMOS-NAND geate 211 applied

to the base of the P-N-P transistor QH7 becomes s follows:

+ V + V

v BE11 BE10

= -V

ith + V

BE17 BE16
= 1.5 volt .
Moreover, the output transistors Q1O’ Q12 for executing

the discharge or chargé of the output load c&pacitandé

Cx are formed of the bipolar trensistors of low output

‘resistances. Therefore, the switchingAspegds‘can be

" enhanced or the propagastiop delay times can be shortened,

end the output capacitance-dependencies of the propsgstion

deley times can:be lessened. In eddition, since the

transistors Q. ~» s Q.= znd ere the clamped
100 “17 Q3 Yy “i6

trensistors, their delay times cen be shortened.

From investigation, we have noted that,
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even with the level converter 221Vof Figure 33, an unnegligible
current similarly flows from the base of the F-N-P input
transistor Q17 to the output end of the CMOS-NAND gste
211 when the output of this gste 211 is at the low level,
so the foregoing problems cannot be perfectly solved.

Figure 34 shows the level converter 221 which has
been finally developed in order to solve such problems
substantially perfectly. The multi-emitter transistor
Q15 in Figure 32 is replaced with the high input impedence
circuit which is constructed of MOS FETs as explained
below.

Referring to Figure 34, such high input impedance

circuit is constructed of N-channel MOS FETs M M

112 200

and a P-N junction diode D The drasin-source

M13 14"

paths of the FETs M are connected in parsallel,

110 Mi20 M43
and the gates thereof ere respectively connected to
the CMQS-NAND gates 211, 212, 213 of the internsl logic
block 21. -In addition, the P-N junction diode D,y is
connécted in series with the drain-source pzths.
' Resistors R3O’ R31, R32, R33, R34 and R35 ere respectively
set at 2 kiloohms, 4 kiloohms, 10 kiloohms, 4 kiloohms,
50 - 75 ohms and 16 kiloohms. The emitter sreas of
the transistors Q1O’ Q11, GHZ’ Q13 and Q14 are respectively
set at 672 sz, 132 sz, 363 rmz, 187 sz end 242 sz.

Further, in such level converter 221, in order to
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ephance the logic processing function still more, a
second driver trensistor on which has an emitter eree
equal to thet of the driver trensistor QH1 is connected
in perellel with the transistor-Q11, and a second high
input impedance circuit ispmovided. which is constructed

of N-channel MOS FETs M14, M15, M16’ e P-N junction

diode D and a resistor R39 likewise to the foregoing

15
high input impedance circuit. This level converter
221 has a logic processing function as a 6-input complex
gate circuit.

Further, & control circuit is similarly added to
this level converter 221, the control circuit serving
to control the output terminalAOUT1 into the floating
state when-the lével conve;ter is supplied with the
enable signal EN of low level from the internal logic
block 21. This control circuit is constructed of an

N-chanpel MOS FET M transistors Q21, Q22, Q23, resistors

17°
R4O’ R41, R42, R43, and Schottky barrier diodes D16’
Dy7» Dig» Dyg- ‘ B

Fufther, in the level converter 221 -of Figure 34,

in order to set input threshold voltages at the respective

gates of the six MOS FETs M11, °°°°° M16 at the middle
value of 2.5 volts between the CMOS low level output
voltege of 0.6 volt snd the CMOS high level output voitage

of 4.4 volts, the ratios W/L of the FETs M11, '''' M16
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are set as stated below. At this time, the threshold

voltages VTH of the FETs Mll' .....

approximately 0.75 volt, the forward voltage Vela of

is set at 0.75 volt, and the

M16 are set at

the P-N junction diode D,y

channel conductances,B0 of the FETs Mygr comennnn My¢

6 [1/ohm].

A case where only the MOS FET M11 is "on" will be

considered, and the gate voltage V gate-source voltage

xl

drain voltage V, etc. thereof will

drain current I Y

vGS' D’

be calculated. At this time, the FET M1 is supposed to

be biased in its saturation region.

VX=VGS +VF14 . -e. (1)
I Qﬁ-v—”-(v — V.2
D~ 2 L GS TH) e (2)
VY = VCC—- R35- ID . (3)
From Eguations (1) and (2),
B
- 0. ¥ v - 2
In =% "1 Vg™ Vpyg = Vopy! .- (4)

Considered as the input threshold voltage is the

X which corresponds to the fact that the vol-

lowers due to rise in the voltage V resulting

Y X'

in the turn—qff of the transistors QlO’ Qll‘

The drain voltage V,, at which the transistors QlO’

Y

Q11 turn "off" is evaluated as follows:

Vy = Ve * Vgel0 --- (3)

From Egquations (3) and (5),
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Vee ~ VBE11 ~ VBE1O e l6
Ip = R (6)
: 35
From equetions (4) and (6),
w _ Yoc = Vem11 T VBE10 2 1)
t B35 Fo (Vy = Vg4 = Vrg)©
. Substituting into equation (7) the conditions of
Vcc being 5 volts, VBE11 and VBE10 being 0.75 volt, R35
being 16 kiloohms,.ﬂo being 60 x 1076 [1/0hﬁ], Vy being
2.5 volts, VF14 being 0.75 volt and VTB being 0.75 volt,
W_5—0.75-0.75 . 2 x 10° 1
L 16 x 10° °0 (2.5 — 0.75 = 0.75)°
3.5 "3, 1
= °2 x 107 —
980 12
= §%5 x 107
L 22
= T7.29 1 3

Thus, the input threshold vol
converter 221 can be set st 2.5 vo

retios W/L of the FETs M11:

tage of the level -

lts by setting the.

et M16 gt E?/B.

. The embodiment of Figure 34 having the sbove srrangement

has been confirmed

to exhibit the propagation

delay times and: the output cepacitance-dependencies thereof

as listed below.

(for C, O pF) «--

tpHL

typp (for G4 =0 PF) «--

-+« 8.8 nsec

«¢« 7.8 nsec
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Kot ***** 0.11 nsec/pF

K B *¢*** '0.01 nsec/pF
Figure 5 shows with dot-end-dash lines the output
load capscitance-dependencies of the propagation delay
times of the level converter 221 of the embodiment illustrated
in Figure 34. . It is uhderstood that the respective
output capacitance-dependencies KHL’ KLH of the first
and second propegation delay times tpHL’ tpLH are improved.
The level converter 221 in Figure 34 cean attain
desired characteristics for reasons stested below.
ka)'As described sbove, the ratios W/L of the MOS FETs

M MR M16 are set in correspondence with the supply

11?

voltage vCC’

ﬁ% end threshold voltages VTH of the MOS FETs N11, s

and the forwerd voltage VF14 of the diode D14 concerning

the resietance R35, the channel conductances

Y62
the bsse-emitter voltages VBE1O’ VBE11 of the transistors
Qo Qf1,'whereby the input threshold voltage of the
level converter 221 can be set st 2.5 volts which is
(b). The output transistors Q5, Q4 which execute the

dlscharge and charge of the output load capscitance CX

gre formed of the bipoler transistors of low output

resistances. Therefore, the switching operation speeds

cen be enhanced or the propagation .delasy times cen be

shortened, and the output capacitence-dependencies of
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the propagation deley times can be reduced.

(c) The high input impedance circuit. including the MOS
FET M11 is connected between the base of the driver
trensistor Q,, and the output of the internel logic
block 21. Therefore, current to flow from the gate

of the MOS FET M to the output of the CMOS-NAND gate

11
211 of the internal logic block 21 can be reduced to
a negligible level, and conspicuous increase in the

ratio W/L of the N-chennel MOS FETs of the CMOS-NAND

gate 211 can be prevented.

'(d) Since the MOS FETs M,,, M, ., M,5 Of the high input

1mpedance c1rcu1t execute 3-input OR logic, the logical

processing function of the level converter 221 is enhanced.
'(é)since also the two driver trensistors q,;, &g execute

AND logic, the logical processing function of the level
converter 221 is more enhanced. |
(fiSigce«the trensistors Qgs Qq5 Q3o Q14,'Q20 are

the clamped transistors, their storege times can be shortened.

(ngy bringing the ensble signal Eﬁ into the low level,

"_tbe output transistorsACHo, Q12 of the 1e§éi converter

221 are simultaneously turned "off", so that the output

1
a parallel operation wherein this output terminel OUT1

terminal OUT, falls into the floating state. Thus, in

and the output terminal of enother logic circuit, not

shown, ere connected, the signsl level of the output
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terminal OUT1 cen be made independent of the output
of the internal logic block 21.
Figure 36 shows &8 circuit‘example of the level
converter 221 according to another embodiment of the
present invention. The output terminal OUT1 of this
level converter is connected in common with the output
terminal of another TTL level logic semiconductor integrated
circuit IC' of the open collector output type, and the
common connection point-is'connected to the supply voltage
Vdc of 5 volts through a load resistor of 2 kiloohms R,,,-
Although not especially restricted, the open collector
output type TTL level circuit IQ' is construcéed of
Schottky barrier diodes Dy» Dys Dys 8 multi-emitter
transistor Q40, clemped transistors Q41 to Q44, resistors
R

to R and a P-N junction diode D4. As an open

40 44’
collector output, the collector of the output trensistor

is’connected to terminal No. 43 serving as an output

Q3

terminal. Inside the circuit IC!', however, no circuit

element is connected between the supply voltage Vcc

eand the collector of the output transistor?Q43.

The level converter 221 of Figure 36 is formed
quite similarly to the level converter 221 of Figure 34
except that, inside the circuit IC, no circuit element'
js connected between the supply voltage VCC and the

collector of the output trensistor Q10.
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Thus, the output terminals of the circuit IC and
those of the circuit IC' are connected in the form of
the so-called wired OR circuit. In addition, the output
trensistor CHO of the level converter 221 is forcibly
turned "off" by bringing the enable signel EN into the
low level, whereby_the lé;el of the output terminal
OUT1 can be made independent of the output of the internal
logic block 21. |

Figure 37 shows the lsyout of the various circuit blocks
in the front surface of a semiconductor chip of the
logic semiconduétor integrated circuit IC embodying
the present invention.

In the central part (an area ehcloséd with a broken

line Eo) of the semiconductor chip 300, the internel

logic block 21 formed of the CMOS circuit (pure CMOS

circuit or quesi-CMOS circuit) is arranged. 1In the
upper edge part (=n area enclosed with a broken line
L1)'of the semiconductor chip 300, the plurality of

input level converters &s shown in Figure 31 (indicated

) by triengles whose inner parts are hatéhedj‘and the

Zplqrality of output level converters as shown in Figure 34

(indicated by t?i&ngles whose inner parts are white)
are arranged slternately. Likewise, in each of the

right edge part (an ares enclosed with a broken line

!

2), lower edge part (an ares enclosed with g broken

. f .
s,
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line l3) and leff edge part (an aree enclosed with a
broken lﬁne ﬂ4) of the semiconductor chip 300, the plurality
of input level converters as shown in Figure 31 and
the plurality of output level converters as shown in
Figure 34 sre afranged a}ﬁernately.

Above the upper edge part f., bonding pads for
inputs (iﬁdicated by squé:es of thick solid lines) correSpohding
in number to the input level convefters end bonding
pads for outputs (indicated by squeares of thin solid
lines) corresponding in number to the output level converters
are earranged. The input parts of the input level converters
confront the correspondlng 1nput bonding pads, wh11e the
output perts thereof confront the internal logic block

21, and the input parts of the output level converteré

‘confront the internsl logic block 21, while the output

parts thereof cdnfront the corresponding output bonding pads.
A plurality of input bonding pads and a plurality

of output bonding peds on the right of'the right edge

part L a plurality of input bonding padS'and a plurelity

of output bonding pads below the lower edge part L3,

'and a plurslity of input bondlng pads and a plurality :.f;

of output bondlng pads on the left of the left edge
part ﬂ are arranged similarly to the csse of the upper
edge part l

The orientations of the 1nput and output perts
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of the inpﬁt level converters and those of the input
and output parts of the output level converters in the
right edge part ZZ’ lower edge part 13 and left edge
pert 14 are respectively the same a&s in the case of
the upper edge part l1. B

A power source bonding pad 30 for feeding the supply

voltage V is arranged in at least one of the four

cC

corpers of the semiconductor chip 300, and'én earthing’

bonding pad 31 for comnection to an_earth‘

ﬁ6int is arranged in at least one of the four corners.
The rear surface of such semiconductor chip of

the layout shown in Figure 37 iévconnected to the front

sufface of tﬁe tab lead LT of a metal lead frame LF

in Figure 38 in physical and electrical close contact.
Referring to Figure 38, this lead frame LF has

lead portions L1 - L16’ a frame portion L0 and hstched

dem portions Ly which correspond to the right upper part

of the semiconductor chip 300. In practice, however,

_ parts corresponding to the right lower pagt, left lower
- part and left upper part of the semiconductor chip sre

" similar to the above. Therefore, the lead frame LF

is a worked metal sheet of a structure wherein the
frame portion LO’ lead portions L1 - L64 and tab lead
L. are interconnected by the hatched dam portionms.

T
After the rear surface of the semiconductor chip 30C
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has been connected to the front surface of the tab lead

L., bonding wires (for example, gold wires or aluminium

Tl
wires) to be described below are wired.
Using & wire bonding equipment which is commercially

sveileble, the power source bonding pad 30 and the lead

portion L34 ere electrically connected by a wire 45.

Further, the input psd and the lead portion L9 ere electrically

connected by e wire 16, the output pad and the lead
portion Lg by a wire Lj, the input pad and the lead
portion L7 by a‘wire 18’ the ogtput pad and the lead
portion L, by & wire 19, the input pad and the lead
portion L5 by a wire 310, and the earth’ ~ bonding

pad 31 and the tab lead L, by a wire £11, in succession.

T

The lead frame L, and the semiconductor chip 300

T
after the completion of the sbove wiring are put in

a metal poulg. for resin moulding - wWhereupon e liquid resin
is poured inside the dam portions LD of the lead freme

L Such dam portions L_ hinder the resin from flowing

F° D
out of them. After the resin has solidified, the lead

P semiconductor chip 300 and resin'which form

- a unitafy structure are tsken out from the metal mould.

Further, the dam portions LD are removed by a press machine

or the like, whereby the respective lead portions L1 - L64
can be electrically isolated.

If necessary, the leads L1 - L64 protruding outside
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the solidified resin are bent downwards. Then, the

logic semiconductor inﬁegrated circuit IC moulded with
the resin 301 is finished up as shown in a completion
diagram of Figure 39. As seen from the figure, such
circuit IC is not provided with any special radiation

fin for positively radiating heat produced from the
semiconductor chip_30Q, out of the moulded structure.

If such radiation fin is mounted, the cost of the circuit
IC will increase undesirably.

As methods of sealing the semiconductor chip, a cer-
amic moulding.method and a method-employing a metal case
are considered besides the resin moulding method stated
above. From the viewpoint of the cost of the circuit IC,
however, the résin moulding method is the most advanta-
geous.

In the logic semiconductor integrated circuit IC acc-
ording to the embodiment drawn in Figures 37 to 39, the
total number of the input level converters 201, 202, ....,

20n constituting the input buffer 20 is 18 - 50, the total

‘number of the CMOS gates 211, 212, e 21[ constituting

'~ﬁhe internal logic block 21 is 200 - 1530, and the total

number of the output level converters 221, 222, ..... , 22m
constituting the output buffer 22 is 18 --50, so that the
semiconductor chip 300 forms a large-scale semiconductor
integrated circuit device. Nevertheless, the circuit

IC has been successfully put into the radiation fin-less

W
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structure for ressons stated below.

Since the power consumption of .each of the CMOS
gates 211, 212, c¢+°°*, 24) constituting the internal
logic block 21 1s as sﬁdl as 0.039 milliwatt, the
power consumption of the whole internal logic block
21 having the 200 - 1530 gates is es very low as 7. 8 - 59 67
milliwetts. Since the ipput level converters 201, 202,
«eeee, 20n constituting the input buffer 20 accordihg
to the embodiment of Figure 31 include a large number
of bipolar transistors, the power cousumptién per converter
is as high as 2.6 milliwatts, and the power consumption
of the whole input buffer 20 having the 18 - 50 converters
is as high as 46.8 - 130 milliwatts. Since slso the
output levél converters 22f, 222, c*cec**, 22m constituting
the output buffer 22 eccording to the embodiment of
Figure 34 include a large pumber of bipolar trensistors,
the poyer consumption per converter is es high as 3.8
milliwatts, and the power consumption of the whole output

buffer 22 having the 18 - 50 converters is es high as

68.4 - 190 milliwatts.

- On the basis of the above data, in the circuit
IC which is constructed of fhe input buffer 20 having
the 18 converters, the internsl logic block 21 having
the 200 gates and the output buffer 22 heving the 18

converters, heat of 6.4 % with respect to the entire-
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amount of heat is generated in the central part tb of
the front surface of the semiconductor chip shown in
Figure 37, whereas heat of 93.6% is generated in the
edge parts 11, l ,453 and [& in total.

Besides, in the circuit IC which is constructed of
the input buffer 20 havi£g the 50 converters, the internal
logic block 21 having the 1530 gates and the output buffer
22 having the 50 converters, heat of 15.8% with respect to
the entire amount of heat is generated in the central part
Eb of the front surface of the semiconductor chip shown in
Figure 37, whefeas heat of 84.2% is generated in the edge
parts Ll’ 52, j% and 1% in total.

As illustrated in Figure 37, the internal logic block

21 which generates the slight heat is arranged in the cen-

tral part J% of the chip, and the input buffer 20 and the

~output buffer 22 which generate the large quantities of

heat are arranged in the edge parts ll’ lg, Xg and J&
of the chip. As seen from Figure 38, therefore,

the large quantitites of heat in the edge parts Ja, lg,

wﬁ3 and.L4 are taken out of the circuit IC (particularly,

taken out to the earth line of a printed circuit board
when the circuit IC is installed on the printed circuit
board) through the tab lead Ly and the lead portion Ll
as an earth lead. Moreover, they can be taken out of

the circuit IC (particularly, taken out to the signal
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lines end power source line of the printed circuit board
when the circuit IC is installed on -the printed circuit
board) through the large number of bonding wires and

the lead portions Lz, seecsce, L64'

It has been confirmed by - our ‘computation
that, in a case where conversely to the above embodiment,
the input buffer 20 and the output buffer 22 which generate

large quantities of heat are grrenged in the central
part lo of the chip and the internal logic block 21 1is
;rranged around the central pgrt lO’ the lsrge quantities

of heat in the central part ﬂo cannot be readily taken

.out of the circuit IC.

For the reasons described ébove, it has been possible
to put the circuit IC of the above embodiment into the
redistion fin-less structure. 1In additiop, since such
circuit IC has been put into the resin-moulded structure,
it has, become possible to sharply reduce the cost of |
the circuit IC. |

Figure 40 shows a block diagram of an electronic

} éystem which is constructed by installing;on a printed

circuif boerd the logic semiconductor integréted circuit
IC according to the embodimént jllustrated in Figures 37
to 39 and other logic semiconductor integrated circuit.
devices of TTL levels 401, 402 <<+ 40n, 501 to 505

and 600.
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Referfing to the figure, the outputs of the devices
401, 402 ++c-+ 40n having the TTL level outputs are
respectively supplied to the inputs IN1, IN2 ceces INn
of the circuit IC, the outputs of which are supplied
to the iﬁputs of the devices 501, ¢°*°**°* 505 of TTL input
levels.

Further, the output OUT, of the circuit IC and
the output of the device 600 are connected in common,
whereby both the devices IC and 600 execute a parellel
operation.

Heat generated in lerge quantities in the input
buffer 20 and output buffer 22 of the circuit IC can
bé dissipated to the earth line, power source line, input
signal line end output signal line of the printed circgit
board.
| In sddition, when the enable signal EN to be fed
to the,output buffer 22 is set at the low level, the’

outputs OUT,, OUT, <--°+° OUT fall into.the flozting

1° 2

stetes, and the input levels of the devices 501, 502,

‘503 are set bj the output level of -the device 600.

Bésides, a high speed is aftained at the interface
between the input buffer 20.and the devices 401, 402 +-+-*
40n; st the interface between the internal logic block
21 end the input buffer 20; at the.interface between

the output buffer 22 and the internsl logic block 21,
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and at the interface between the devices 501 eec+ 505
eand the output buffer 20.
According to the foregoing embodiments, favorsble

effects cen be achieved for reasons as stated below.

(a)’ Output transistors for executing the charge or discharge

of the output capacitance Cs of an input level converter

201 are formed of bipolar transistors. Thus, the propagation

delay times of the input level converter and the output
capacitance-dependenciés thereof can be lessened owing
to the function that, even when smaller in device size
then a MOS FET, the bipolar trensistor exhibits a lower
output resistance and & higher current gazin, so it can
produce & grest cherging current or discharging current.
(p) In the input level converter 201, s Schottky barrier
diode.for executing & mejority carrier Opefetion is
connected between the base and collector of a bipolar
transigtor which is driven into its saturation :egioh.
Therefore, the injection of minority carriers ffom a
collector lzyer into a base layer cén be reduced, so

thst the storage time of the bipolear treznsistor can

N

be shortened.

{c) In an input level converter 201 sccording to & preferred

embodiment, the base signal or collector signal of a
driver transistor Q2 is trsnsmitted to the base of s

cherging bipolar output transistor Q3 througn & MOS
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buffer whiéh has a high input impedance and & voltsge
amplifying function. Thus, the opersting speed of the
output trensistor Q5 is enhanced owing tg the high input
impedence end the voltage amplifying function of the

MOS buffer.

ké) In the input level converter 201 according to e
preferred embodiﬁent, a P-N-P emitter follower transistor
Q_4 and 8 P-N junction diode D2 are connected between

an input terminal IN1 end the driver transistor QQ. Tnus,
the input threshold voltage of the input level converter

201 can be properly set. Moreover, since the input

* impedance of the P-N-P transistor Q,4 at the base thereof

is gnhanced owing to the current emplifying function
thereof, the influence of the output impedence of a
TTL level signal sourcéTEonnected to the input terminel
IN1 can be reduced. :

(e)Outpuf transistors for execu%ing the cherge or discharge
of the output loead capscitance C  of an output level
converter 221 are formed of bipolar trans;sfors. Thus,
the propagation delay times of the output”ievel converter
aﬁd therutput capacitance-dependencies thereof can be |
lessened owing to the4functiop that, even when smaller -
in device size than a‘MOS FET, the bipoler trensistor |
exhibits & lower output resistance and & higher current

gein, so it can produce g great chsrging current or
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discharging current.

(f) In the output level converter 221, 8 Schottky barrier
diode for executing & mejority carrier operation is
connected between the base and pollector of & bipolar
transistor which is driven into its ssturation region.
Thérefore, the injection of minority cerriers from &
collector leyer into =& base'layer can be reduced, 80

that the storsge time of the bipoler transistor can

be shortened.

(q) In an output level converter 211 sccording to =&
preferred embodiment, a high input impedence MOS circuit
js connected between the output of an internal logic
blbék 21Aand.the base of a driver transistor CHi' Thus,
current to flow from the gate of the MOS FET of this

MOS circuit to the output of the internasl logic block

24 can be reduced down to a negligible level. Therefore,

loweripg in the integration density of the output circuit

of the internal logic block 21 end lowering in the switching
speed can be prévented. .
(h) In the output level converter 221 acC&rding to =
preferred embodiment, the high input impedance MOS circuit

ijs endowed with the function of logicelly processing

g8 plurslity of output signels of the internal logic

block 21. Thus, the design versestility of a logic semiconductor

integrated circuit IC of the master slice type or the gate



10

15

20

25

‘integréted circuit device IC into e radiation fin-less

-69-

erray type'can be enhenced.

}i) In the output level converter 221 according to a
preferred embodiment, & control circuit for controlling

an output terminal OUT1 into & floating state on the

basis of an ensble signa} EN is arranged. Therefore,

in a case where this output terminal OUT1 end the output
terminal of another logic circuit sre connected in common,
the level of the common output terminal can be set ip
accordance with the output of the other logic circuit.

(jy In a preferred embodiment, the internal logic block

21 which is ermed of a pure CMOS circuit or a quasi-CMCS
circuit thereby to have its power consumption reduced

is errenged in the centrel part of the front surface

of a semiconductor chip, while the input level converters
204, *e++++ and the output level converters 221, +*-*- each of
which includesba plurality of bipolar transistors and
exhibits & high power consumption are arranged in the

peripheral edge parts of the front surface of the semiconductor

-chip. Thus, heat dissipstion is fecilitated. It has

therefore been possible to put the logic semiconductcr

.i'..‘

structure and to curtsil the cost thereof.
(x) According to a preferred embodiment, the logic
semiconductor integrated circuit device IC is put into

@ resin-molded structure, and hence, the curtailment of
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the cost thereof has became possible.

(1) Meanwhile, the input terminal IN, of the input
level converter 201 is not connected to the gate
of a MOS FET, but it is connected to the cathode
of the Schottky barrier diode D1 or the base of
the P-N-P transistor Q4. It has therefore been
permitted to enhance the breakdown strength against
a surge voltage applied to the input terminal INl'

The following modifications of the above

described embodiments may be made.

"(a) The circuit shown in Fig. 6, can be arranged

such that the level converters 201, 202 ..... 20n
of the input buffer 20 execute ECC - CMOS level
conversion, while the level converters 221, 222
..... 22m of the output buffer 22 execute CMOS -
ECL levei conversion. In accordance with this
arrangement, the input buffer 20, internal logic
block 21 and output buffer 22 may be operated with
earth potential and a minus supply voltage

-VEE' Likewise, in Fig. 6, the arrangement can

be such that the level convertérs 201,202 ... 20n
of the input buffer 20 execute i2L QiCMOS level
conversion, while the level converters 221, 222
cee. 22m qf the output buffer 22 execute CMOS - i2L

level conversion.
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(b) In the embodiments of Figs. 14 to 21, Figs.
23 to 26 and Figs. 29 and 30, the P-N-P emitter
follower transistors Q4 and the P-N junction

diode D, in Fig. 31 may well be added.

2
(c) In addition, the reason why the denominator

L of the ratio W/L of the MOS FET is set at 3 is
that the channel length of the MOS FET is assumed

to be 3 um. The channel length L is presently

being reduced down to 2 pM, 1.5 pm and 1 pm or

less owing to improvements in photolithography,

apd the denominator L of the ratio W/L will become
smaller accordinglf. As a result the device sizes
of bipolar transistors will be reduced further,
resulting in changes in the resistances of resistors

within the circuit

(d) The method of taking the large number of leads

L out of the moulding resin 301 is not

17 =" 64
restricted to the embodiment shown in Fig. 39, either.

L

It is more appropriate for reducing the size of
the lead frame LT as well as the circuit device
IC and attains a higher packaging dgpsity on the
printed'circuit board that the exter;al shape of
fhe moulding resin 301 is made a substantially

square, not an oblong, so as to take out the large

number of leads Ll' ceeen L64 from all the four sides.
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(e) In addition to the input buffer 20, internal logic
block 21 and output buffer 22, being arranged on the
semiconductor chip, the bipolar analog circuit, MOS
analog circuit, P-channel MOS logic or N-channel MOS
logic i2L circuit, and ECL circuit may all be arranged
on the semiconductor chip as desired.
Attention is drawn to our Application No.

84.01959 (Serial No. 2,135,148) from which the present

Application has been divided.
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CLAIMS.
1. A semiconductor integrated circuit including:

(a) an internal logic block including a
plurality of gquasi-CMOS circuits, the input stage of
each of said quasi-CMOS circuits including P-channel
and N-channel MOSFETs, and the output stage of each of
said quasi-CMOS circuits including bipolar transistors;
said internal logic block performing logic operations
on input signals and generating output signals based
upon the logic operations; and

(b) an output level converter having an input
terminal coupled to receive at least one of said output
signals of said internal logic block, in order to thereby
provide an output signal of predetermined levels
different than that of CMOS levels at an output terminal
of said output level converter;

wherein an output transistor of said output
level converter for executing charge or discharge of an
output load capacitance of said output level converter
is formed as a first bipolar output transistor; and

wherein said output level converter further
comprises a high input impedance circuit which is
connected between a base of said first bipolar output
transistor and said input terminal of said output level
converter.
2. A semiconductor integrated circuit according
to claim 1, further including:

(c) a driver transistor which drives said
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first bipolar output transistor for executing the dis-
charge of the output load capacitance; and

(d) a second bipolar output transistor for
executing the charge of said output load capacitance, in
response to the input signal of said input terminal of
said output level converter.

3. A semiconductor integrated circuit according
to claim 1, wherein said high input impedance circuit is
constructed of MOSFETs.

4. A semiconductor integrated circuit according
to claim 3, wherein said high input impedance circuit
logically processes a plurality of output signals of
said internal logic block.

5. A semicenductor integrated circuit acéording
to claim 2, further including:

(e) a control circuit which turns "off" the
discharging first bipolar output transistér and the
charging second bipolar output transistor of said output
level converter simultaneously in response to a control
signal, in order to thereby bring said output terminal of
said output level converter into a float state.

6. A semiconductor integrated circuit according to

claim 5, wherein said output terminal of said output level

converter is connected in common with an output terminal

of another semiconductor integrated circuit.
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